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In the past bronchial endoscopy needed rigid hollow bronchoscopes and until recently the technique was rarely used by paediatricians. Thin and ultrathin fibreoptic flexible bronchoscopes (FFBs) are now available and endoscopy is likely to be increasingly used. Despite the expected exponential expansion of endoscopies using FFB at any age for a growing number of indications, some conditions will continue to need rigid bronchoscopy. The other lateral channel is aimedfor the prism that projects the light into the airways through the lumen of the bronchoscope (E). Y shaped cable that conducts the light from an external source onto the prism and onto the telescope (F). lens). An aspiration catheter can also be inserted for the removal of secretions, tenacious mucus, or pus. One lateral channel is designed for ventilation and perhaps gas anaesthesia ( fig  1D) , the other for a prism ( fig 1E) which projects light enabling inspection with the naked eye and without a telescope. To avoid bums the light source is at distance and light is transmitted through a Y shaped cable ( fig 1F) consisting of large bundles of optical fibres: one proximal tip is connected to the lateral prism for proximal light projection and the other to the telescope for distal light projection.
The diameter of the telescope needs to be smaller than the inner diameter of the rigid bronchoscope used and they should never be shorter than the total length of the bronchoscope, though they may be longer. A large rigid bronchoscope will not pass through a small glottis and a small one will be too short to reach the bronchi in a larger child. Several bronchoscopes are thus needed and for each length at least two or three telescopes.
The only way to insert the rigid bronchoscope is through the mouth. The jaws need to be opened with a retractor or a laryngoscope. As this would be rather painful, even after local anaesthesia, narcosis is the rule. The bronchoscope progresses through the pharynx and the glottis, whether or not the telescope is connected. As stainless steel tubes are not flexible they can enter into the trachea, into the two main bronchi and into the lower lobe bronchi, and in general not into the upper orifices and only with difficulty into the middle lobe orifice. Another limitation is that the rigid bronchoscope cannot pass beyond the level where its outer diameter reaches that of the bronchial lumen, and this might be short after the carina in small premature babies. If, however, the telescope is some centimetres longer than the bronchoscope deeper inspection remains feasible. The lateral inaccessible large orifices can be partly inspected because of the relatively large field of vision of the straightforward telescopes and very clearly with telescopes with the more laterally tilted distal lenses.
FIBREOPTIC FLEXIBLE BRONCHOSCOPES
FFBs became available at the end of the 1 960s, however the size of the first ones were not suitable for paediatric use. Subsequently, smaller FFBs with a diameter of 3-5 mm and an aspiration channel of 1 2 mm were designed that could be used even in small children.
More recently ultrathin FFBs with a diameter of only 2-2 mm and provided with a dirigible distal tip became available. They are for very small premature babies or small children with very severe stenoses through which a standard FFB would not pass. They lack, however, an aspiration channel.
FFBs are closed tubes in contrast to hollow rigid bronchoscopes. The diameter of a paediatric FFB is smaller than the outer diameter of any rigid bronchoscope. FFBs can be inserted through the nose or mouth. Because the 3-5 mm FFB, except for a small aspiration channel, has no passage dyspnoea may occur in small babies when the size approaches the diameter of the glottis channel; time available for inspection is then rather restricted and oxygen saturation needs to be continuously monitored. Because of its flexibility and its dirigible tip, once in the airways, the FFB can be directed deep into many bronchi even in more laterally situated ones.
The 1 2 mm wide aspiration channel of the 3.5 FFB is enough for the removal of not too sticky secretions but insufficient for the insertion of forceps. When the distal lens is blotted with secretions and hinder inspection, simple aspiration through this channel, or rinsing first with a few instilled drops of saline, will restore the vision immediately. The channel can also be used for the instillation of drugs.
Another advantage of FFBs is that in expert hands narcosis is rarely needed. In older children bronchoscopy can be performed while the child is sitting and only local anaesthesia is needed after the procedure has been explained. Smaller children need to be recumbent and slight and short sedation together with local anaesthesia are enough.
With only one 3*5 mm sized and one 2 2 mm sized FFB, one can perform endoscopies at any age as their length is suitable even for adults. Thorough processes, or stenoses are present these need to be removed for the patency of the airways and this can only be achieved by rigid bronchoscopy with adapted forceps.
(B) RIGID BRONCHOSCOPY Many ventilated premature infants will be sedated anyway to facilitate mechanical ventilation. This also meets the requirements for rigid bronchoscopy. In addition, and before starting rigid bronchoscopy, one can hyperventilate the infant for a while to improve oxygenation and to try to produce hypocapnia. In small premature babies or neonates rigid bronchoscopy can be performed without general anaesthesia in the neonatal unit itself, the baby being outside the incubator under a radiant heater. Artificial ventilation with selected concentrations of oxygen can easily be applied, either with a balloon or with the ventilator connected to one of the proximal lateral channels ( fig 1D) . Depending on the size of the baby you can select a 2-5 mm or a 3 mm bronchoscope and introduce it together with the telescope. As soon as the abnormality is encountered therapeutic manoeuvres are implemented.
Examples of rigid bronchoscopy in ventilated neonates PATIENTS AND METHODS
Twenty neonates (18 premature and two nearly term babies) were selected for rigid bronchoscopy over a three year period. All 20 had severe bronchial abnormalities and seven of them suffered more than one abnormality in combination (table) that could not be removed by blind catheter suction. Gestational age varied from 27 to 40 weeks and their birth weight from 810 to 3000 g. Ventilation was still in progress and lasted for five to 43 days. All had suffered moderate or severe respiratory distress syndrome at birth. All procedures were performed because the babies had suddenly developed one or both of the following conditions: (i) uncontrollable blood gas deterioration despite 100% oxygen administration and high ventilator settings and/or (ii) suspicion of mechanical airway obstruction on radiography. Manipulations of the forceps and the suction catheter was performed mainly with naked eye control with the light coming from the lateral prism ( fig 1E) . Occasionally the forceps and the telescope were introduced simultaneously for improved precision. This, however, produced occlusion of an important part of the lumen of the bronchoscope and hindered the ventilation. Instruments then needed to be' repeatedly removed because of deteriorating transcutaneous blood gas measurements or because of falls in the heart rate. Manipulations with the balloon catheter were always performed by simultaneously inserting the optic telescope to steer the former with the tip of the latter and adjust it correctly.
RESULTS
Altogether 48 rigid bronchoscopies were performed and in each patient the procedure was achieved between one to 10 times with a median of two per patient. If more than one bronchoscopy was needed on the same day, they were counted as a single examination. Occasional oxygen desaturation during the manoeuvre was reduced by removing the telescope and other instruments until the condition improved by ventilating through the lumen of the bronchoscope. Oral bleeding occurred rarely and never exceeded a few drops. No other adverse effects were noticed.
Th7erapeutic procedures
Methods were adapted to the observed abnormalities and to their location (table). Clinically and radiologically the immediate results of the different applied therapeutic procedures were fair to excellent in 15 of the 20 patients and had little or no desirable effect in five patients (table) .
Bronchial lavage with mesna instilled selectively was successful in all 10 patients with mucus plugs or casts. The complete resection with forceps of an obstructive mass (fig 3) was possible in three patients and resulted in an immediate restoration of the blood gases. In the remaining seven patients the masses were not within the reach of the forceps, either because they were deep in the right main bronchus or lateral in the upper right bronchus, or because the jaws of the forceps could not be opened sufficiently in the narrow bronchial lumen. In the latter situation 50 mg of hydrocortisone was locally instilled through a catheter pointed on the obstructive mass. In three of these seven patients both the blood gases and the chest radiograph showed an improvement within 24 hours and on subsequent bronchoscopy the granulation tissue had disappeared. Altogether six of the 10 patients with an endobronchial mass improved after endoscopy. Of the remaining patients three one had hepatised lungs and signs of severe cardiac failure with organ congestion, one had multiple malformations including cerebral abnormalities, and two had generalised haemorrhages with thrombosis of the vena cava and of the right atrium in one patient. Figure 4 Resected specimen with preservation of the normal respiratory epithelium at the margins (arrows), formation ofgranulation tissue with absence of the epithelium (arrowheads), and a scar lesion in the depth of the specimen (star).
died between three and 40 days later and one survived with a persisting atelectasis of the right upper lobe one year later. The local instillation of hydrocortisone, as described above, was successful in three of the seven patients with bronchial stenosis.
Angioplasty balloon catheter dilation could be performed in three infants with a main stem stenosis ( fig 3B) . They underwent respectively three, seven, and 10 bronchoscopies on different days, that is, increasing the pressure of the balloon each time until the lumen of the orifice remained sufficiently patent. The chest radiograph and blood gases showed improvement in all three patients. Ultimately six of the seven stenoses were successfully and completely relieved. The neonates. 
Therapeutic bronchoscopy in ventilated

